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THE REACTION OF FERRETS TO INOCULATION
WITH H. PERTUSSIS*
C. S. CULOTTA, F. L. MARTING, AND A. A. LIEBOW
In November, 1935, a female infant (M. B.) of 10 weeks died
in the New Haven Hospital of whooping cough. There was a his-
tory of familial exposure and the clinical course in M. B. was typical,
being accompanied with a lymphocytosis and positive cough-plates.
Death occurred in the third week of the illness and autopsy revealed
a characteristic interstitial pneumonia from which H. pertussis was
recovered in pure culture, both from the bronchi and from pieces of
lung.t
Previous attempts to infect monkeys by the intratracheal inocula-
tion of fresh strains of H. pertussis obtained by cough-plates from
cases of whooping cough had yielded irregular results.' Accord-
ingly, it seemed desirable to make another attempt with the M. B.
strain since it had been recovered from the pulmonary lesion in
pure culture. Therefore, two Macacus rhesus monkeys were inoc-
ulated intratracheally, monkey No. I with a 20 per cent lung sus-
pension (M. B.) and monkey No. 2 with 5 cc. (2 plates of 72-hour
growth) of a saline suspension of the first subculture from the lung.
Both animals were observed foraperiodof21 days; weights,temper-
atures, white and differential counts, and nose cultures were studied.
Nothing of note was observed during this period. It was then
decided to try the M. B. strain in ferrets and it was found that they
developed a severe disease, at times fatal, following intratracheal
and intranasal inoculation. This report describes these experiments.
Methods
The animals used were healthy ferrets of the albino and fitch
varieties. Preliminary observations were made upon weights, rectal
temperatures, respirations, and nose cultures. The latter were taken
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tThis organism grew out in 72 hours on Bordet-Gengou medium in pearly
white, spherical colonies surrounded by a faint halo of hemolysis, was a gram-
negative coccobacillus on smear, and was agglutinated by Phase I pertussis antiserum
in a dilution of 1-5000. No other organisms grew out on the Bordet-Gengou media.
No growth occurred on blood agar plates incubated aerobically and anaerobically,
or in Holman's meat media into which fragments of fresh lung removed under
aseptic precautions were placed.YALE JOURNAL OF BIOLOGY AND MEDICINE
with a fine wire loop and were streaked on both blood agar and
Bordet-Gengou media. White blood counts and differential counts
were made on a few animals.
Inoculation: The intratracheal route was at first employed but it
was subsequently found that the intranasal route was as effective.
The inoculum consisted of a saline suspension of the M. B. strain, a
72-hour growth on three fresh Bordet-Gengou plates 10 cm. in
diameter (20 per cent human citrated blood used). The growth
of each plate was gently scraped and washed off with 3 cc. of physi-
ologic saline, about 2.5 cc. being usually recovered from each plate.
Mouse virulence and agglutination tests with specific antiserum
(Phase I) were carried out with each batch of inoculum used. The
strain was kept on Bordet-Gengou media throughout the study, but
the later cultures had experienced passages through ferrets or mice.
No change was observed in the growth and morphologic character-
istics, the antigenic properties, or the virulence of this strain for white
mice throughout the study. The mouse virulence test, which has
been discussed in detail in another report,* consisted in the intranasal
instillation of 4 drops of the suspension under light anesthesia.
Death usually occurred within from 2 to 4 days and at autopsy the
mice showed a diffuse pneumonia with lung and blood cultures posi-
tive for H. pertussis.
For intratracheal inoculation ferrets were anesthetized with
ether. An incision was made in the neck, the trachea was exposed,
lifted up by a blunt hook, and the inoculum was injected through
a 27-gauge needle. The wound, which was left open, healed
rapidly. For intranasal inoculation ether anesthesia was used; the
inoculum was allowed to drip slowly into both nares. Considerable
sneezing and expulsion of much of the inoculum was not unusual.
Dose: In the early intratracheal experiments a dose of 2.5 cc.
(I Bordet-Gengou plate) of the suspension was employed, but it
was later observed that a dose of 1 cc. of the suspension intranasally
produced uniform results. In some of the intranasal experiments
the dose varied from 0.01 cc. to 1 cc., but in general the latter dose
was employed.
Roentgenographic Studies: Frequent radiographic examinations
of the lungs were made and it was noted that radiographic signs
occasionally persisted from 4 to 8 weeks after the animals appeared
to have recovered clinically. Posterior-anterior projections were
* See: Yale J. Biol. & Med., 1937-38, 10, 233.
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made of the chest. The other technical factors were 47 KV, 60 MA,
0.1 second, 30-inch distance, and the use of intensifying screens.
Necropsy: At first the animals were sacrificed by a blow at the
base of'the skull, but the method was discontinued because small
hemorrhagic areas in the lungs were not unusual. Subsequently,
all animals were sacrificed by extended ether anesthesia. Post-
mortem examinations were done at once. Aseptic precautions were
observed and cultures were taken of different portions of lung and
heart blood. No anaerobic methods were used. The cultures were
observed for a period of 5 days before being recorded as negative.
The lungs, trachea, and heart were removed and spread on a
piece of blotting paper. The lungs were fixed in 10 per cent for-




Three types of inocula were used: first, inoculation of a sus-
pension of living organisms in a 2.5 cc. dose, the equivalent of 1
Bordet-Gengou plate; second, inoculation of suspensions of the
lungs of animals which had received the cultures; and third, inocula-
tion of heat-killed organisms (35 min. at 580 C.).
Virulent Organisms: Six ferrets (Nos. 2, 3, 6, 8, 19, 27) were
inoculated intratracheally with 2.5 cc. of a saline suspension, and one
ferret (Fl 5) was inoculated with 1 cc. The course in these animals
was similar. It was characterized by fever beginning within 12 to
24 hours after inoculation and persisting for from 7 to 14 days,
rapid loss of weight, increase in respirations from 60 per minute to
about 140, and the appearance of radiographic changes which per-
sisted for a long time (4 to 8 weeks) after the temperature had
returned to normal (Fig. 1). The animals appeared sick and
refused to eat. The eyelids at times were stuck together with exu-
date, but the nose remained comparatively clear. No cough was
noted, but sneezing was common. The blood picture in two animals
studied showed a leukocytosis with polymorphonuclear leukocytes
predominating. One animal in this series died on the 15th day.
The organism was usually recovered from the nose culture and lungs
at postmortem early in the disease (2nd to 5th day) but after this
period positive cultures were unusual. The typical course of events
following intratracheal inoculation of virulent organisms is illus-
trated by Chart I and Fig. 1 of ferret No. 19.
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Lung Suspensions: Two ferrets (FS and F17) were inoculated
intratracheally with lung suspensions from two other ferrets, one
sacrificed on the 4th day (F6), and the other dead on the 15th day
(F2) after having been inoculated with live cultures. Ferret S was
inoculated with a 20 per centlungsuspension from F2, and Ferret 17
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CHART I. Course of ferret No. 19 following the intratracheal injection of
2.5 cc. of living H. pertussis.
remained well, as did three other ferrets receiving I cc. of lung sus-
pension intranasally. Passage also failed when infection by contact
between inoculated and normal ferrets was tried. Experiments were
then planned to determine the effect of the inoculation of heat-killed
organisms.
Heat-killed Organisms: Two ferrets (F12 and F28) were inoc-
ulated intratracheally with 2.5 cc. of a bacterial suspension which had
been heated at 580 C. for 35 minutes and subcultures of which were
sterile. The course of the disease in these ferrets was not severe
but pneumonia was demonstrated roentgenographically in F12 until
the 18th day. F28 was sacrificed on the 5th day and showed the
early pulmonary lesions.
Intranasal Inoculation of H. pertussis.
This method was found to be as effective as was the intratracheal
route except that the illness was of shorter duration, possibly less
severe, and never fatal. Chart II and Figure 2 illustrate the course
of events in ferret No. 20. Pneumonia demonstrable either roent-
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FIG. 1. Ferret No. 19. Series of roentgenograms illustrating course of the
pulmonary lesion following the intratracheal injection of 2.5 cc. of living H. pertus-
sis. Recading from left to right; above, 5th day, 9th day, 18th day; below, 28th
day, 59th day, reinoculation-3rd day.
7711FIG. 2. Ferret No. 20. Series of roentgenograms illustrating. the course of
the pulmonary lesions following the intranasal injection of 1 cc. of living
H. pertussis. Above, left, 3rd day; right, 5th day; below, left, 10th day, right,
18th day.H. PERTUSSIS INOCULATION OF FERRETS
genographically or at necropsy could be produced regularly with
an intranasal dose of 1 cc. of a living bacterial suspension. Of
twenty ferrets inoculated with this dose, all but one developed pneu-
monia. Three ferrets were inoculated with 0.5 cc.; two of these
developed pneumonia. Ten other ferrets were inoculated with doses
ranging from 0.01 cc. to 0.2 cc. and only two in this group came
down with pneumonia. A short febrile illness lasting 2 to 4 days
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CHART IL.Course of ferret No. 20following the intranasal injection of 1 cc.
of living H. pertusis.
was, however, a constant finding even with the small doses. In
general, a large dose (I cc.) intranasally produced a moderately
severe illness with pneumonia but a small dose, ranging from 0.01
cc. to 0.02 cc., caused a mild febrile illness with pneumonia rarely
(2 of 10 ferrets).
When heat-killed organisms were used intranasally reactions
were observed comparable to those produced by living organisms.
A large dose (1 cc.) frequently produced pneumonia (4 of 6 ferrets)
while a small dose produced a mild febrile illness with pneumonia
but occasionally (1 of 8 ferrets).
It is of interest that a saline suspension of a strain of H. pertussis
which hadbeen kept inthe refrigerator for 3 years produced a febrile
response with pneumonia in a ferret following inoculation of 0.25 cc.
intranasally. At the time of inoculation attempted subculture of
this 3-year-old suspension showed a few staphylococci but no H. per-
tussis. However, small gram-negative cocco-bacilli were observed
on smear.
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Pathology of Anmals Inoculated with H. pertussis
Histological examinations were made of all ferrets. The ani-
mals receiving only a single injection of H. pertussis were examined
histologically in various stages as shown in Table I. The changes
are described for the animals receiving living organisms and are
briefly compared with those seen in animals inoculated with heat-
killed bacteria.
TABLE I
ANIMALS STUDIED FOR PATHOGENESIS AND COURSE OF LESIONS PRODUCED
BY H. PERTUSSIS
,- Day of Disease - A
Group 4 5 15 21
H. pertussis Heat-killed No. 28
Intratracheal Living ...................... No. 6 No. 27 No.2
No. 8
H. pertussis Heat-killed No. 26
Intranasal Living ...................... No. 13 No. 25 No.56
No. 57
Fourth Day: The pathology (Ferret No. 13) is that of a bron-
chopneumonia with certain distinctive features. Necrosis is not in
evidence and the epithelium of the bronchioles is almost everywhere
well preserved. An almost exclusively polymorphonuclear exudate
infiltrates the walls of the bronchioles including the lamina propria
and occupies their lumina and those of the alveoli. Occasional
small mononuclear and eosinophilic cells are also seen in the walls
of the bronchioles. The alveolar changes have a peribronchiolar
distribution. The cells lining such alveoli as abut the bronchioles
appear swollen and possess large vesicular nuclei. Fibrin does not
form a significant component of the exudate and no perivascular
collars are present. In this, as in all other animals where lesions
were associated purely with H. pertussis, the pleura and septa show
no notable changes.
In Ferret No. 6 the changes are similar in character but are less
diffuse. Larger masses of unaltered parenchyma intervene between
consolidated zones.
Fifth Day: During the next day, considerable changes in the
histology have occurred. Animals No. 27 and No. 28 show lesions
intermediate in type between those of the four-day animals and
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others of their own and later temporal groups. Here again there
is patchy consolidation with an exudate resembling that in the four-
day group. Considerable hemorrhage has occurred, probably on
account of the method of killing the animals by a blow on the head.
A few bronchioles show partial necrosis of the living epithelium. A
new process that becomes increasingly prominent is seen in its incipi-
ency. About many of the small bronchioles are nodular accumula-
tions of small mononuclear cells, devoid of germinal centers. Also
small lymphocytic collars are now visible about the minute blood
vessels and bronchioles, even at some distance from the zones of
consolidation. It may be that proliferation of small mononudear
cells is transpiring in the peribronchiolar nodules and that these
subsequently extend peripherally along the perivascular and peri-
bronchiolar lymphatics. The larger vessels and bronchi do not
exhibit this collaring. The lining cells of the alveoli have increased
somewhat in height.
In Ferret No. 25 (and also in No. 26) the changes come to
resemble this condition during the second week.
Fifteenth Day: In the material from Ferrets No. 2 and No. 8
at the 15th day, the lymphocytes are nowgathered in strikingly large
collars about the blood vessels and bronchioles. The exudate within
the latter is much decreased in amount. Greater numbers of large
mononuclear cells appear in the alveoli. The alveolar lining cells
have come to be increased in height. In some fields the exudate
has also departed from the alveoli, resulting in a purely interstitial
pneumonia.
Twenty-first Day: By this time, in Ferret No. 56, an animal
receiving only 0.5 cc. intranasally, further clearing of the intra-
alveolar exudate has transpired. The perivascular and peribronchi-
olar collars persist. The inter-alveolar septa are greatly thickened
by polymorphonuclear leukocytes, and by small and large mono-
nuclear cells; the first predominates. This thickening of the inter-
alveolar septa reduces the lumina of the alveoli to narrow slits and
gives the lung an atelectatic character. At this time the lining cells
are tall and in some places form definite cuboidal layers. A few
alveoli are hyperexpanded.
In Ferret No. 57, which received about one-fourth of the usual
I cc. dose of living organisms intranasally, the alveoli are expanded
and the lining cells are not prominent. No lymphoid collars are
present but there are nodular accumulations of small mononuclear
cells about some of the bronchioles. Roentgenographic evidence of
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pneumonia had been present earlier, following injection of the
organisms.
It is of interest to compare the lesions in these animals with
those of the human case (M. B.) of pure H. pertussis pneumonia
from which the organisms used in the experiments were derived.
Histologically, the lesions in the third week resemble those in the
ferrets during the second, with certain differences. In the infant,
the peribronchiolar collars are composed largely of large mono-
nuclear cells with a few polymorphonuclears, rather than oflympho-
cytes, and there are no perivascular collars as in the ferrets. This
exudate extends into the walls of the alveoli. Much amorphous
material that does not give the reaction for fibrin in the Gram stain
occupies the lumina of the alveoli. These, as in the ferrets, are
lined by strikingly tall cells. The epithelium of the bronchioles
also is taller than usual. The pleura and septa are edematous. In-
clusion bodies are not found.
Summary of Pathology: It may be tentatively stated that under
the conditions of the experiment, at the fourth day the changes are
those of a non-necrotizing focal pneumonia. On the fifth day an
interstitial exudate appears which by the fifteenth is the dominant
element. This may resolve completely or leave non-expanded
zones. The pathology at certain stages is not unlike that in a case
of human H. pertussis pneumonia or that produced experimentally
in rabbits by Sprunt, Martin, and Williams.4
Immunity
When the ferrets that had recovered from previous intratracheal
or intranasal inoculations of H. pertussis were reinoculated at vary-
ing intervals to determine immunity, several interesting observations
were made. Thirteen ferrets which had recovered were tested for
immunity 25 to 178 days following the initial intranasal inoculation
of living H. pertussis. Suitable control animals were also used in
each experiment. Those ferrets having had pneumonia were x-rayed
before reinoculation to determine whether the lungs were clear. It
was found that the previously inoculated ferrets reacted similarly to
the controls according to the dose used. The following table shows
the results upon intranasal reinoculation.
TABLE II
No. of Ferrets Dose of Living Organisms Fever+ Pneumonia Fever Otdy
9 1 cc. 9 0
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16 0.4toO0.S cc. I (with 0.5 cc.) 15FIG. 3. (Above, left): Ferret No. 13, fourth day. Almost purely polymorpho-
nuclear exudate. Epithelium lining bronchioles intact. No lymphoid collars. x125.
FiG. 4. (Below, left): Ferret No. 28, fifth day. Nodular accumulations of
lymphocytes about bronchioles. Small lymphoid collars about blood vessels. x 125.
FIG. 5. (Above, right): Ferret No. 8, fifteenth day. Massive lymphoid collars
about small blood vessels and bronchioles. x 65.
FIc.. 6. (Below, right): Ferret No. 56, twenty-first day. Exudate now largely
interstitial. Most lumina of alveoli slit-like. Some are very large. x 11 0.V,
OV
FIG. 7. (Above, left): Ferret No. 56. Increase in height of cells lining
alveoli. x 250.
FIG. 8. (Above, right): Ferret No. 57, twenty-first day. Little exudate in
lumina or walls of alveoli or bronchioles. x 60.
FIG. 9. (Below); A-3561. Case M.B. H. pertussis pneumonia in a child of
two months. Third week. Peribronchiolar cxudate extending into the walls of the
alveoli. Increase in height of lining cells of alveoli. Amorphous material and
polymorphonuclear leukocytes in lumina.H. PERTUSSIS INOCULATION OF FERRETS
No immunity to intranasal reinoculation of living H. pertussis
was demonstrated in ferrets which had recovered from a previous
inoculation regardless of the time interval employed. The latter
are indicated in Table III.
TABLE III
Less than 50-100 100-150 More than
Dose 50 days days days 150 days
I cc. 3 5 1
0.4toO.5cc. 6 9 1
It is of interest to note that the reaction was similar even when
heat-killed organisms were used in the reinoculation. Table IV
shows the reaction of ferrets recovered from an inoculation of living
organisms to reinoculation with heat-killed organisms.
TABLE IV
Dose of
No. of Ferrets Heat-Killed Organisms Fever+ Pneumonia FeverAlone
4 I cc. 3 1
4 0.4toO.5cc. 0 4
The time of the test in this experiment ranged between 35 and
146 davs after the initial inoculation of living H. pertussis. In no
instance did these ferrets react differently than did the controls.
The immunizing activity of heated cultures was also tested.
Ferrets which had recovered from the initial inoculation of heat-
killed organisms were reinoculated at varying intervals with living
organisms. The results were similar to those already mentioned;
no immunity was found.
XVhen the ferrets that had recovered from intratracheal inocula-
tion were tested, no immunity was demonstrable to reinoculation
either with living or heat-killed organisms, regardless of whether a
route other than the original one was used.
The result of the foregoing experiment on immunity showed
that an animal recovering from an intratracheal or intranasal inocula-
tion of living or heat-killed organisms, was susceptible to subsequent
inoculation. The pathology was studied in seven reinoculated
animals and it was observed to be similar to that already described.
No alterations attributable to the previous inoculation were noted.
Attempts at active immunization following injection with Sauer's
vaccine3 and Kreuger's endoantigen2 were also made. These experi-
ments are reported in detail in another paper. In brief, no immu-
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nity was observed in a few ferrets following attempts at active
immunization with these vaccines.
Control Experiments
Various experiments indicated that the lesion produced was prob-
ably attributable to a toxic action of H. pertussis; the production of
a similar lesion with heat-killed organisms, the failure to transfer
this lesion by inoculation with lung suspensions, and the failure to
demonstrate immunity in the recovered animals support this view.
Experiments were then outlined to determine whether a similar
lesion could be produced by other agents.
Filtrates of H. pertussis:
Filtrates were prepared by grinding the organism (scrapings
from plate growth) in sterile sand for 30 min., suspending in saline,
and passing the supernatant fluid through a Seitz filter. Intranasal
instillation of the filtrate in 2 ferrets (F36 and F43) gave no reac-
tion. F43 had a negative roentgenogram on the third day and
the lungs of F36 showed no pathology on the seventh day. How-
ever, the unfiltered supernatant fluid from which H. pertussis grew
on culture produced the typical pneumonic lesion in F1 Kreuger's
endoantigen2 injected intranasally into F31 also gave a negative
response. A filtrate of a lung suspension from a child (J. P.) who
died in the fourth week of whooping cough pneumonia also failed
to produce any reaction in F54.
Extracts of H. pertussis:
In this experiment three fractions of the organism were tested by
intranasal inoculation: First, alcohol ether extract; second, pe-
troleum ether extract; and third, the residue which consisted pri-
marily of protein material. The extracts were made of the yield
of three Bordet-Gengou plates. No reaction or roentgenographic
changes were observed following the inoculation of any of these
components separately or when the three were combined. The
process of fractionation presumably destroyed the toxic action of
the organism. At necropsy subsequently the lungs were negative
for pathologic change.
Other Organismns:
Several other organisms were injected intranasally in 1 cc. doses
to compare any lesions thus produced with the changes produced
by H. pertussis.
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1. Hemnolytic streptococcus: 1 cc. of an 18-hour broth culture
of a mucoid streptococcus recovered from the nose of a ferret gave
a negative reaction. A heat-killed mucoid streptococcus recovered
from a patient with cellulitis of the face also gave a negative result.
2. Gram-negative bacilli: A mucoid gram-negative bacillus
recovered from a ferret produced hemorrhagic pneumonia in F48.
The changes in the lungs on the third day showed no resemblance
to those produced by H. pertussis, the lesion consisting essentially in
necrosis and polymorphonuclear exudation. An interstitial reaction
was not present.
A suspension of Bacillus X recovered from a routine throat cul-
ture from a patient gave a negative result.
3. B. typhosus: A strain of B. typhosus recovered from the
blood of a child who died from typhoid fever was also used. A
heavy saline suspension from an 18-hour subculture on an Endo
plate after being heated at 580 for forty minutes failed to produce
any reaction. This heated suspension proved viable when cultured.
4. Pneumococcus: A type XXX pneumococcus recovered from
the lungs of a fatal human case gave a mild febrile reaction but at
necropsy no pathology was present in the lungs.
Other Agents:
Several other agents were employed; broth washings of uninocu-
lated Bordet-Gengou plates, cod-liver oil, mentholated-oil nose-
drops, 10 per cent mucin, 30 per cent acacia, and diphtheria toxin
(10 STD.). A total volume of 1 cc. was used as the inoculum
intranasally. No reaction was observed in the clinical course, and
roentgenograms of the lungs were negative.
Subcutaneous Inoculations
Experiments were designed to determine the reaction of ferrets
to H. pertussis when inoculated subcutaneously. Attempts at intra-
venous inoculation proved unsatisfactory because of the difficulty in
entering the vein. It was observed that when ferrets were inocu-
lated subcutaneously with either heat-killed or living organisms a
febrile illness resulted, together with swelling and induration at the
site of inoculation. Necrosis of the center of the lesion was not
unusual. The severity of the reaction depended on the dose used,
which varied from 0.1 to 0.5 cc. The response following sub-
cutaneous inoculation of animals recovered from intranasal inocula-
tion or previously injected with Kreuger's endoantigen or Sauer's
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vaccine subcutaneously was essentially the same as in the control
ferrets. No hypersensitization to subcutaneous reinoculation was
observed.
Summary of Experiments
The results of the foregoing experiments show that a pulmonary
lesion can be produced in the ferret following intratracheal or intra-
nasal inoculation of living, heat-killed, or 3-year-old non-viable
H. pertussis when given in sufficient doses. In general, small doses
produce a short febrile illness without pneumonia and large doses
produce a prolonged febrile illness with definite signs of pneumonia
demonstrated roentgenographically and at necropsy. The pul-
monary lesion may persist for weeks with final complete resolution.
The lesion is chiefly about the bronchovascular rays, mononudear
in type, and not unlike that seen in the human disease. No immu-
nity could be demonstrated at varying intervals following recovery.
Passage of the disease by contact, by injection of nasal washings, or
of suspension of the lungs of infected ferrets early or late in the
disease proved unsuccessful. No lesion could be produced by the
use of various fractions of the organism, such as the petroleum ether
extract, alcohol ether extract, or of the protein residue separately or
combined. Various other agents, both bacterial and chemical, intro-
ducednasally failed toproduce asimilarlesion. Noimmunitycould
be demonstrated in ferrets previously immunized subcutaneously
with Kreuger's endoantigen or Sauer's vaccine.
Conclusions
A pulmonary lesion similar to that occurring in children dying of
whooping cough can be produced in ferrets by intratracheal or intra-
nasal inoculation of living or heat-killed H. pertussis.
No active immunity was demonstrable in ferrets after recovery
from this reaction.
The pulmonary lesion produced in the ferret is probably due to
a toxic property of the organism.
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